Background: Interactions between the liver, the gut, and the immune system are critical components of alcoholic liver disease (ALD). The aim of this study was to explore the associations between alcoholinduced liver injury, endotoxemia, and inflammation at admission and over time during abstinence, as well as to examine the sex-related differences in these parameters in alcohol-dependent individuals admitted to an alcohol treatment program.
A LCOHOL CONSUMPTION IS an important social, economic, and clinical problem. The 2012 to 2013 National Epidemiologic Survey on Alcohol and Related Conditions III revealed that the 12-month and lifetime prevalence of alcohol use disorders was 13.9 and 29.1%, respectively, among U.S. adults aged 18 and older (Grant et al., 2015) . The prevalence of these 2 parameters was generally higher for males (17.6 and 36.0%, respectively) compared to females (10.4 and 22.7%, respectively). Heavy alcohol consumption results in a wide range of multiorgan pathology, including alcoholic liver disease (ALD), a major cause of alcohol-related morbidity and mortality in the United States and worldwide. The clinical spectrum of ALD ranges from reversible fatty liver to alcoholic hepatitis, fibrosis, and cirrhosis, which may progress even further to hepatocellular carcinoma. It has been demonstrated that the development and the severity of ALD are closely associated with the amount and duration of alcohol consumption. Daily alcohol consumption exceeding 40 to 80 g/d for males and 20 to 40 g/d for females for 10 years or more will likely lead to ALD (Becker et al., 1996) . The advanced stages of ALD develop only in a subset of long-term heavy drinkers, with females thought to be at a higher risk (Becker et al., 1996; Bellentani et al., 1997; Schwartz and Reinus, 2012) . Approximately 10 to 35% of chronic heavy drinkers will develop alcoholic hepatitis, and alcoholic cirrhosis will occur in approximately 10 to 20% of long-term heavy drinkers (D'Amico et al., 2006; Rehm et al., 2013; Wakim-Fleming and Mullen, 2005) . Sex (Eagon, 2010; Frezza et al., 1990) , genetic polymorphisms (Anstee et al., 2015) , epigenetic changes (e.g., DNA methylation and various histone modifications; Page et al., 2015) , environmental factors (e.g., smoking, dietary habits), and drinking pattern (Askgaard et al., 2015) are among other well-known risk factors for ALD development.
It has been postulated for more than half a century that bacteria-derived endotoxins, specifically lipopolysaccharides (LPS), play critical roles in liver injury, including ALD (Broitman et al., 1964; Nolan, 2010) . Indeed, alcoholinduced endotoxemia is well documented in patients with different stages of ALD (Bode et al., 1987; Fujimoto et al., 2000; Fukui et al., 1991; Keshavarzian et al., 1999; Parlesak et al., 2000; Schafer et al., 1997; Urbaschek et al., 2001 ). In some studies, patients with severe ALD (e.g., alcoholic cirrhosis) showed higher LPS levels compared to subjects with mild ALD (Fukui, 2005; Schafer et al., 1997) , and in patients with ALD, elevated levels of endotoxin correlated with acute excessive alcohol ingestion (Urbaschek et al., 2001) . It has been shown that LPS levels were positively correlated with increased intestinal permeability (Parlesak et al., 2000) , and alcohol-dependent patients with liver damage showed greater gut barrier "leakiness" compared to alcoholics without ALD (Keshavarzian et al., 1999) . One of the major effects of LPS is stimulation of hepatic Kupffer cells to increase production of pro-inflammatory cytokines and chemokines, including tumor necrosis factor-alpha (TNF-a), which plays critical roles in alcohol-induced liver injury (McClain et al., 1998) . Significant positive correlations were observed between LPS and TNF-a in patients with ALD, specifically alcoholic cirrhosis (Hanck et al., 1998) . Endotoxemia and alterations in the intestinal barrier integrity after chronic or acute ethanol (EtOH) administration have also been confirmed in numerous experimental animal models of ALD (Kirpich et al., 2012; Lippai et al., 2014) . It is noteworthy that endotoxemia and the Kupffer cell pro-inflammatory response may be different in males and females due to hormonal differences, and females have been postulated to be more susceptible to ALD (Becker et al., 1996) .
Although significantly increased circulating levels of bacteria-derived endotoxins were found in patients with different stages of ALD (Bode et al., 1987; Fukui et al., 1991; Keshavarzian et al., 1999; Parlesak et al., 2000) , studies examining endotoxemia in early human ALD are limited. The sex differences in endotoxemia in patients with ALD also have not been well defined. The aim of this study was to evaluate the associations between alcohol-induced liver injury, endotoxemia, and inflammation at admission and over time during abstinence, as well as to examine the sex-related differences in these parameters in otherwise healthy alcoholdependent individuals admitted to an alcohol treatment program. We hypothesized that compared to alcohol-dependent individuals without liver injury, the alcohol-dependent individuals with mild ALD would have greater endotoxemia which would decrease with abstinence. We also postulated that females with mild ALD would have higher levels of endotoxemia and biomarkers of liver injury compared to males. To test our hypotheses, we assessed plasma concentrations of bacteria-derived products, including LPS and flagellin, as well as lipopolysaccharide binding protein (LBP) and serum-soluble innate microbial receptor sCD14 (indirect markers of LPS translocation from the gut lumen to the systemic circulation). We also measured the plasma levels of TNF-a and plasminogen activator inhibitor-1 (PAI-1), critical pro-inflammatory cytokines that play important roles in ALD development and progression (Beier and Arteel, 2012; McClain et al., 1998) . Given that the serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels (the classical markers of hepatocyte damage) do not always correlate with the severity of liver injury, other recently proposed sensitive markers of liver damage, namely cytokeratin 18 (CK18 M65 and CK18 M30) (Cave et al., 2011; Cusi et al., 2014; Feldstein et al., 2009 ) and liver fatty acid-binding protein (L-FABP) (Pelsers et al., 2002 (Pelsers et al., , 2005 , were also analyzed. Of note, the serum whole CK18 protein (CK18 M65, which measures total cell death) and the caspase-cleaved fragment (CK18 M30, surrogate marker of apoptotic cell death) provide important information regarding the type of hepatocyte cell death. Finally, the associations between markers of endotoxemia, systemic inflammation, and liver injury were examined.
MATERIALS AND METHODS

Subjects and Clinical Assessment
This study is one of the arms of a larger clinical investigation (NCT#00106106) conducted at the National Institute on Alcohol Abuse and Alcoholism (NIAAA) of the National Institutes of Health (NIH). The study included 48 male and female alcoholdependent participants (aged 21 to 65). Patients were admitted to the NIAAA inpatient unit in the NIH Clinical Center for the alcohol withdrawal program. Prior to admission, patients underwent a telephone screening to eliminate subjects with significant medical issues, including advanced liver disease. The study recruited patients with a diagnosis of alcohol dependence according to DSM-IV (American Psychiatric Association, 1994) , based on the alcohol dependence module of the Structured Clinical Interview I; and alcohol withdrawal, based on either: (i) clinically manifested significant alcohol withdrawal symptoms, as demonstrated by Clinical Institute Withdrawal Assessment of Alcohol Scale, Revised scores of 9 or above, with or without detectable blood alcohol concentrations (BACs), or (ii) in the absence of withdrawal, if they exhibited current intoxication above 0.1 g/dl BAC, self-reported history of continuous alcohol use >1 month, and self-reported previous episodes of significantly distressful alcohol withdrawal symptoms. Alcohol consumption during the preceding 3 months was evaluated using Time-Line Follow-Back (Sobell et al., 2003) . The exclusion criteria for the study included the presence of severe psychiatric and/or somatic illnesses, including advanced lung disease, unstable cardiovascular disease (decompensation, as demonstrated through chest X-ray, pathological electrocardiogram), and/or renal failure (creatinine clearance < 30 ml/min). Other exclusion criteria were presence of HIV, pregnancy or ongoing breastfeeding, pronounced anxiety provoked by enclosed spaces, and/or positive urine screen for any illicit drug. Importantly, no patient had clinically evident alcoholic hepatitis.
All patients received standard clinical inpatient care for alcohol detoxification, including a complete workup consisting of history, physical examination including neurological status, and laboratory tests; standard thiamine supplementation; nursing; nutrition; multidisciplinary discharge planning; and any necessary referrals for treatment of concomitant morbidity (Umhau et al., 2010) . In addition, they received medical management in compliance with the "Human Subjects Protection" protocol with NIH.
Blood Biochemical Measurements and Enzyme-Linked Immunosorbent Assays
Standard blood biochemical parameters, including liver function tests such as ALT and AST, were measured at the NIH clinical laboratory. This clinical blood biochemistry data set was used to stratify subjects into 2 groups on the basis of ALT levels at the admission. We used plasma ALT levels <40 U/l as within the normal reference range, and plasma ALT levels ≥40 U/l were considered to be elevated indicating the presence of liver injury. Patients were divided into 2 groups, namely Group 1 (alcohol-dependent subjects with normal ALT levels; no liver injury) and Group 2 (alcohol-dependent subjects with elevated ALT levels; mild ALD).
Plasma samples were stored in the NIH bio-repository and were later retrieved for analysis. We performed analysis of variables in samples obtained at the onset (baseline, T1), day 8 (T2), and day 15 (T3) of the alcohol withdrawal program. Plasma cytokeratin 18 whole protein (CK18 M65) and caspasecleaved fragment (CK18 M30) were measured by enzyme-linked immunosorbent assay (ELISA) (Peviva-VLVbio, Nacka, Sweden) according to the manufacturer's instructions. Abnormal CK18 was defined as either CK18 M65 ≥ 300 U/l or CK18 M30 ≥ 200 U/l on the basis of prior studies (Cave et al., 2010 (Cave et al., , 2011 Feldstein et al., 2009) . Plasma flagellin (MyBioSource, San Diego, CA), soluble cluster of differentiation 14 (sCD14; R&D System, Minneapolis, MN), LBP (Hycult Biotech, Plymouth Meeting, PA), and liver and intestinal fatty acid-binding proteins (L-FABP and I-FABP; Hycult Biotech) were measured by ELISAs according to the manufacturers' instructions.
Plasma Cytokine Level Assessment
Plasma pro-inflammatory cytokines, including TNF-a, interleukin 1b, interleukin 6, and interleukin 8 (IL-1b, IL-6, and IL-8), PAI-1, and monocyte chemoattractant protein-1 (MCP-1), were determined by multianalyte chemiluminescent detection using Mulliplex kits (Millipore, Billerica, MA) on the Luminex (Luminex, Austin, TX) platform according to manufacturers' instructions.
Plasma LPS Measurement
Plasma LPS levels were measured using the Kinetic Chromogenic Limulus Amebocyte Lysate Assay (Lonza, Walkersville, MD) according to the manufacturer's instructions.
Statistical Analysis
Patients were stratified into 2 groups on the basis of initial plasma ALT levels: "no injury" and "injury" groups (Group 1 and Group 2, respectively). ALT < 40 U/l (for Group 1) or ≥40 U/l (for Group 2) were the cutoff points. Demographics, drinking history, and laboratory variables were then compared between these 2 groups. The total patient cohort as well as Group 1 and Group 2 were subcategorized by sex. Sex of the participants was used as a cofactor for between group analyses. Statistical significance between 2 groups was determined by Student's t-test (Fig. 1A-C) . Multiple group comparisons were performed using 1-way analysis of variance (ANOVA) followed by the Tukey's or Sidak's multiple-comparison post hoc tests. One-way ANOVA of repeated measures was performed to evaluate significant differences between variables at baseline, day 8, and day 15 of the alcohol withdrawal program. The correlation between various subject characteristics (e.g., drinking history, laboratory variables of liver injury, systemic inflammation, and endotoxemia) was assessed using Pearson correlation analysis. LPS was used an independent variable, and ALT was considered as a dependent variable (Fig. 4B) . A p-value ≤ 0.05 was considered statistically significant. The data are expressed as means AE standard error of the mean (SEM). Statistical analyses were performed using GraphPad Prism version 6.05 for Windows (GraphPad Software, Inc., La Jolla, CA).
RESULTS
Patient Cohort Demographic Characteristics and Drinking History Profile
The study population demographics and alcohol consumption history are summarized in Table 1 . Forty-eight alcohol-dependent subjects admitted to the detoxification program were included in this study. There were 34 male (71%) and 14 female (29%) subjects. The patient mean age was 43.2 AE 1.5 years, which was similar for males and females. The mean body mass index (BMI) was 26.8 AE 0.8 for the entire cohort and did not differ significantly between males and females. While the mean alcohol consumption (measured as average drinks per drinking day) was similar between the males and females, the mean duration of alcohol consumption (measured as lifetime of heavy drinking, years) was significantly higher in males compared to females (17.7 AE 1.7 vs. 10.5 AE 1.8, p < 0.05). Of note, 15% of males and 50% of females reported fewer than 10 years of drinking history; 47% of males and 36% of females had 10 to 20 years of heavy drinking, and 38% of males and 14% of females reported more than 20 years of heavy alcohol consumption.
ALT and AST Levels Were Increased in a Subset of AlcoholDependent Patients
Patients with clinically evident alcoholic hepatitis were excluded, while subjects with mildly increased liver enzymes without clinically overt liver injury were included in this study. Thus, 31% (15 of 48) of individuals had initial plasma ALT levels < 40 U/l (Group 1, mean ALT levels were 26.47 AE 2.28 U/l) which was considered to be in the normal range for ALT. Liver injury, as assessed by admission ALT levels ≥ 40 U/l, was observed in 69% (33 of 48) of individuals with the mean ALT value of 98.55 AE 9.82 U/l (Group 2; Fig. 1A ). As expected, significant differences between Group 1 and Group 2 were also observed for several other markers of liver injury, including plasma AST levels (34.53 AE 5.18 vs. 130.7 AE 17.49 U/l, p < 0.05; Fig. 1B ). AST/ALT ratio was not different between Group 1 and Group 2 (Fig. 1C) . Analysis of the sex differences in Group 2 revealed higher ALT and AST levels, and AST/ALT ratio in females compared to males (Fig. 1D-F) .
The demographic and alcohol consumption history comparisons between Groups 1 and 2 are presented in Table 1 . While Group 1 had a nearly equal number of males and females, males were predominant in Group 2 (81% males).
Although not significantly so, subjects of Group 1 were younger, and they had a slightly higher BMI compared to Group 2. The mean age and BMI did not differ between males and females in either group. While the mean daily alcohol consumption was similar between Group 1 and Group 2 subjects, the lifetime duration of heavy drinking was significantly higher in Group 2 (17.6 AE 1.8 vs. 10.9 AE 1.6, p < 0.05). Interestingly, females in Group 2 had fewer drinks per drinking day compared to Group 1, while lifetime duration of heavy drinking was similar. In contrast, males in Group 2 had similar drinks per drinking day but longer lifetime of heavy drinking compared to Group 1. Among the Group 1 and Group 2 subjects, 36 and 22% respectively, reported <10 years of drinking history, while 57 and 38%, respectively, had 10 to 20 years of heavy drinking. Less than 7% in Group 1 versus 40% in Group 2 reported more than 20 years of heavy alcohol consumption.
Evaluation of CK18 M65 and CK18 M30 and L-FABP as Markers of Liver Injury
The initial analysis of classical markers of liver injury revealed a cohort of patients with elevated ALT and AST levels, suggesting the presence of mild alcohol-mediated liver injury in these individuals, but without overt clinical alcoholic hepatitis. To confirm this observation and further to examine liver injury in these patients, we evaluated 2 additional markers of liver injury, namely CK18 (M30 and M65) and L-FABP. CK M65 and CK M30 have been proposed as clinically useful biomarkers for liver injury, including nonalcoholic and toxicant-associated steatohepatitis (Cave et al., 2011; Cusi et al., 2014; Feldstein et al., 2009 ). We utilized these tests because AST and ALT do not correlate (especially not in a linear fashion) with severity of liver injury or indicate the type of cell death. Thus, new biomarkers that accurately reflect the full spectrum of severity of liver cell injury and type of cell death are needed.
At baseline (T1), patients in Group 2 had significantly higher levels of CK18 M65 (890.3 AE 164.6 vs. 308.1 AE 105.9 U/l, p < 0.05; Fig. 2A ) compared to Group 1, and a moderate increase in CK18 M30 (378.2 AE 59.6 vs. 241.6 AE 36.1 U/l; p = ns; Fig. 2B ). Positive correlations were observed in Group 2 at T1 between both CK18 M65 and ALT (r = 0.473, p = 0.005) and CK18 M30 and ALT (p = 0.357, p = 0.041). CK18 M30 was positively correlated with average drinks per drinking day at T1 in males (p = 0.503, p = 0.007). The CK18 M65:M30 ratio provides an estimate of the type of cell death (necrotic vs. apoptotic) (Kramer et al., 2004) . The CK18 M65:M30 ratio was slightly >2 at T1 in patients with liver injury (Group 2; Fig. 2C ) and was significantly higher than in subjects without liver damage (Group 1), suggesting a greater contribution of necrotic rather than apoptotic hepatocyte cell death in Group 2 patients. While both CK18 M65 and CK18 M30 remained elevated in Group 2 compared to Group 1 at T2, these levels were reduced at T3 and were similar to the levels of Group 1. When comparing male and female subgroups, both CK18 M65 and CK18 M30 were higher in females compared with males (Table 2) .
Another marker of liver injury, plasma L-FABP was modestly, but significantly elevated at admission (T1) in Group 2 patients with mild liver injury compared to Group 1 alcoholdependent subjects without liver damage (30,077 AE 2,607 vs. 18,168 AE 2,541 pg/ml, p < 0.05; Fig. 2D ). L-FABP levels were similarly higher in Group 2 males and females compared to Group 1 males and females (Table 2) liver damage, including ALT (r = 0.474, p = 0.005), CK18 M65 (r = 0.737, p < 0.0001), and CK18 M30 (r = 0.493, p = 0.003). While L-FABP levels in Group 2 remained unchanged at day 8 (T2) and slightly reduced at day 15 (T3), L-FABP levels in Group 1 were increased (but not significantly), resulting in similar L-FABP levels in both groups by the end of the observed period.
Induction of Plasma Cytokines in Alcohol-Dependent Patients With and Without Mild ALD
Alcohol-induced liver injury is known to be associated with systemic inflammation, and TNF-a is a pro-inflammatory cytokine playing a critical role in ALD development and progression (McClain et al., 1998) . In our study, the levels of TNF-a were significantly increased at T1 in patients with liver injury (Group 2) compared to those without liver damage (Group 1) (2.10 AE 0.1 vs. 1.45 AE 0.1 pg/ml, p < 0.05) and remained similarly increased throughout the 2 weeks of abstinence (Fig. 3A) . In Group 2, levels of TNFa positively correlated at T1 with the markers of liver injury, including ALT (r = 0.427, p = 0.019), CK18 M65 (r = 0.525, p = 0.003), and CK18 M30 (r = 0.609, p < 0.001). When comparing male and female subgroups, levels of TNF-a in Group 2 females were higher compared to Group 2 males, although not significantly (Table 2) . PAI-1, a cytokine that plays an important role in hepatic inflammation caused by EtOH (Beier and Arteel, 2012) , was similar at T1 in both Group 1 and Group 2 with a minor nonsignificant elevation in Group 2 (39.55 AE 3.4 vs. 45.27 AE 4.9 ng/ml, p = ns; Fig. 3B) . A decrease in PAI-1 levels occurred in both groups during treatment, reaching a significant reduction in subjects with elevated ALT levels at T2, and remained at those levels at T3. PAI-1 levels did not differ significantly between males and females (Table 2 ). There were no noticeable differences between Group 1 and Group 2, or between males and females in the levels of other pro-inflammatory cytokines, including IL-1b, IL-6, IL-8, and MCP-1 (data not shown).
Liver Injury was Associated with Elevated Endotoxemia in Alcohol-Dependent Patients with Mild ALD
Numerous clinical and experimental studies have shown that alcohol consumption (chronic and acute) impairs intestinal barrier integrity resulting in increased endotoxemia, a critical factor contributing to alcohol-mediated liver disease (Szabo, 2015) . Because only a subset of alcohol-dependent subjects admitted to the treatment program presented with indications of liver injury, we examined whether endotoxemia was associated with liver injury in these individuals. At admission (T1), the levels of plasma LPS (a well-known gram-negative bacteria-derived product contributing to ALD) were higher in those patients with elevated ALT compared to patients with normal ALT levels (Fig. 4A) . Elevated LPS levels significantly decreased by day 8 (T2), and persisted at those levels at day 15 (T3). Interestingly, while LPS levels were reduced in both sexes by the day 8 (T2) compared to initial values (T1), a statistically significant drop was noted only in males (Table 3) . A positive correlation between LPS and ALT levels was also observed at T1 in males (r = 0.404, p = 0.037; Fig. 4B ) but not in females (possibly due to low sample size in the female group). We did not find any correlations between LPS and TNF-a or LPS and PAI-1 in either males or females. There were no significant differences observed at the onset of therapy between Group 1 and Group 2 or between males and females for other markers of endotoxemia, including sCD14 and LBP (data not shown). It is worth noting that, in parallel with elevated LPS, we observed increased levels of flagellin, a gram-negative bacteria-derived product similar to LPS, in patients with liver injury compared to those without liver damage (Fig. 4C) . Flagellin levels were slightly higher in males compared to females (Table 3) .
DISCUSSION
Our study evaluated alcohol-dependent subjects admitted to an alcohol withdrawal program. A subset of these patients (69% of the cohort, 81% of whom were males) had mild (subclinical) ALD. The fact that AST/ALT ratio, which increases with the severity of alcoholic hepatitis, was not significantly elevated in these patients was consistent with our hypothesis that this patient cohort had early ALD. Liver injury in these patients was characterized not only by elevated ALT and AST levels (classic markers of liver damage), but also by increased CK18, a sensitive marker of hepatocyte . Plasma markers of endotoxemia in alcohol-dependent subjects during alcohol detoxification program. (A) LPS levels were increased in patients with liver injury (Group 2) compared to patients without liver damage (Group 1). (B) LPS levels were positively correlated with alanine aminotransferase (ALT) levels at T1 in Group 2 males. (C) Flagellin levels were significantly increased at T1 in patients with liver injury compared to individuals without liver damage. Analysis of variables was performed at the onset (baseline), day 8, and day 15 of the program. The data are expressed as means AE SEM, *p < 0.05. Correlation analysis was performed at the onset of detoxification therapy. ALT, alanine aminotransferase; LPS, lipopolysaccharides. cell death in different types of liver disease, including ALD (Cave et al., 2011; Feldstein et al., 2009; Gonzalez-Quintela et al., 2006; Sowa et al., 2014) . In previous studies, elevated serum levels of CK18 fragment (CK M30) were found in alcoholic hepatitis patients (Li et al., 2010) , which were positively correlated with the hepatic apoptotic score (GonzalezQuintela et al., 2009) . Increased levels of CK18 correlated with hepatocyte ballooning, the presence of Mallory-Denk bodies (a hallmark of ALD), and hepatic TNF-a and transforming growth factor-b expression in patients with alcoholic liver fibrosis (Lavallard et al., 2011) . We observed an increase in both soluble full-length CK18 M65 (which is released from cells undergoing necrosis; Kramer et al., 2004) and the caspase-cleaved fragment, CK18 M30 (a surrogate biomarker of cell apoptosis). The high CK18 M65:M30 ratio suggested a predominantly necrotic mode of hepatocyte cell death contributing to the liver injury in our patient cohort. CK18 levels decreased with abstinence, indicating a reduction in hepatocyte death. We also examined plasma L-FABP, which was recently proposed as a biomarker of liver injury (Pelsers et al., 2005) . In our study, elevated L-FABP levels were positively correlated with increased plasma ALT, as well as elevated CK18 M65 and CK18 M30 levels in patients with mild ALD. L-FABP is predominantly expressed in the liver, as well as in the intestine and kidney in minor amounts, with its primary function to facilitate transport of intracellular fatty acids. Given that no differences were observed in the plasma levels of I-FABP (as a marker of intestinal injury, data not shown), the elevation of L-FABP most likely reflects its liver origin. However, the utility of plasma L-FABP as a biomarker of alcohol-induced liver injury remains to be determined.
In our study, all patients (with and without liver disease) were long-term alcohol consumers with similar levels of alcohol consumption (drinks per day). However, the liver injury subset group had greater endotoxemia, which is considered to be a critical factor in ALD pathogenesis (Szabo, 2015) . We also found a significant positive correlation between LPS and ALT levels at admission in patients with mild ALD, more so in males than in females (possibly due to low sample size in the female group). In patients with mild ALD, the sensitive biomarkers of liver cell death, CK18 M65 and M30, were improved following the decrease in endotoxemia, supporting a role for LPS in the liver injury observed in these individuals. Further, our data showed that liver injury was associated with systemic inflammation, specifically, elevated plasma TNF-a levels. Although we did not find any correlations between LPS and TNF-a in our patient cohort with mild ALD, the strong correlation between endotoxemia and TNF-a has been previously reported by others in patients with more advanced liver disease (e.g., alcoholic cirrhosis) (Hanck et al., 1998) . Alcohol-induced endotoxemia has been well documented in patients with different stages of ALD, especially in those with advanced alcoholic hepatitis and cirrhosis (Bode et al., 1987; Fukui, 2005; Parlesak et al., 2000; Schafer et al., 1997) . There are also studies reporting equally increased endotoxin levels in patients with mild and severe ALD (Schafer et al., 2002; Urbaschek et al., 2001) , possibly due to the limitations in LPS measurement protocol (Schafer et al., 2002) , or the fact that the cirrhotic patients were less intoxicated, as significantly higher endotoxin levels were found in those patients who were highly intoxicated than in those who were clinically less intoxicated at admission, even with the same degree of ALD (Urbaschek et al., 2001 ). The observation from this work and studies from other investigators Fukui et al., 1991) provide evidence that endotoxemia in humans might be particularly high after acute EtOH exposure. Indeed, recent work from Szabo's laboratory demonstrated a rapid increase in serum endotoxin levels in healthy individuals acutely administered alcohol to simulate binge drinking, with slightly higher endotoxin levels occurring in females . There was also an increase in other enteric bacterial elements such as 16S rDNA in the serum following acute alcohol ingestion . In our study, we also found elevated levels of other gram-negative bacteria-derived products similar to LPS, namely flagellin (a ligand for Toll-like receptor 5 ), in patients with liver injury compared to those without liver damage. Very few reports exist on the role of flagellin in liver diseases. For example, over-activation of TLR-5 signaling by high-dose flagellin caused acute inflammatory responses, neutrophil accumulation, and oxidative stress in murine livers (Xiao et al., 2015) . Our group recently demonstrated that flagellin could induce TNF-a production in human peripheral blood monocyte-derived macrophages (Wang et al., 2013) . Further studies on the role of flagellin in ALD are warranted.
Alcohol-induced increased intestinal permeability has been postulated as the primary cause of elevated endotoxemia in ALD. An early study from Germany by Parlesak and colleagues (2000) reported that gut permeability, as assessed by recovery of high molecular weight polyethylene glycols, was increased in patients with ALD, and this was correlated with elevated LPS levels. A short period of abstinence led to a marked reduction in gut permeability, especially in those ALD patients with initially high values (Parlesak et al., 2000) . Other studies by Keshavarzian and colleagues (1999) evaluated gut permeability in healthy volunteers, alcoholics without liver disease, alcoholics with liver disease (mainly cirrhosis), and patients with liver disease of nonalcoholic origin. In that particular point-in-time study, gut permeability was monitored using urinary sugar probes. They showed that patients with ALD had significantly increased gut permeability compared to healthy controls and alcoholics without ALD. The authors concluded that "a 'leaky gut' may be a necessary cofactor for the development of chronic liver injury in heavy drinkers" (Keshavarzian et al., 1999, p. 200) Dr. Keshavarzian's group performed a subsequent cross-sectional study in healthy volunteers and in alcoholics with and without mild liver disease (Mutlu et al., 2012) . In that elegant study, serum endotoxin levels were elevated to a similar degree in alcoholics with and without liver disease. Given that intestinal microbiota are the sources of circulating endotoxins, the microbiome was evaluated in this study. Endotoxemia was associated with alterations in the gut microbiome, specifically, lower abundance of Bacteriodetes and higher levels of Proteobacteria. Our group demonstrated that restoration of alcohol-mediated alterations in the gut microbiome by oral supplementation with probiotics was associated with improvement in liver injury in patients with mild alcohol-induced liver injury admitted to an alcohol detoxification unit (Kirpich et al., 2008) . Although LPS levels were not evaluated in those patients, they most likely had increased gut permeability and endotoxemia, given that gut dysbiosis is a well-documented factor contributing to both alcohol-induced "leaky gut" and endotoxemia. Indeed, recent work from Delzenne's group in Belgium demonstrated increased intestinal permeability (as assessed by chromium EDTA) associated with the gut microbiota alterations in a subset of alcohol-dependent individuals who were admitted for alcohol detoxification and rehabilitation program (Leclercq et al., 2014) . These same investigators evaluated alcohol-dependent individuals over a 3-week period and found initial elevated plasma LPS levels in parallel to increased gut permeability that normalized by the end of the treatment period (Leclercq et al., 2012) . The increased gut permeability and endotoxemia significantly correlated with depression, anxiety, and craving. The group having higher gut permeability and endotoxemia also showed more severe psychological disturbances, which only partially improved with abstinence and attenuated gut permeability and endotoxemia (Leclercq et al., 2012 (Leclercq et al., , 2014 . Patients with liver fibrosis, as assessed by FibroScan, were excluded from these studies, but more detailed analysis of subtle liver disease was not described.
Consistent with the notion that females are more susceptible to alcohol-induced liver injury than males (Becker et al., 1996) , females in our study demonstrated higher levels of biomarkers of liver injury (e.g., ALT and AST levels, CK18 M65 and CK18 M30) compared to males, although they had lower daily alcohol intake and shorter lifetime duration of heavy drinking. The higher susceptibility to toxic effects of alcohol in females compared to males may be explained, in part, by the observation that females drinking equal amounts of alcohol exhibit higher blood alcohol levels than males due to lower levels of gastric alcohol dehydrogenase (Frezza et al., 1990) , and, possibly, due to an effect of estrogens (Eagon, 2010) . In the present study, we observed no significant differences in LPS levels between males and females with early ALD, which is in agreement with the previously published studies (Schafer et al., 2002; Urbaschek et al., 2001 ). However, we did find reduced levels of flagellin in females compared to males. The reason for this is not clear; the females had significantly elevated levels of AST compared to males and therefore might be expected to have increased, rather than decreased, flagellin. Our finding of essentially similar levels of inflammatory cytokines and relatively reduced liver inflammation in males compared to females suggests that the females may adapt differently to changes in the gut induced by chronic alcohol consumption. Further research on the immunological differences between males and females may help explain the sex differences that appear to drive a more rapidly progressive course of alcoholrelated liver damage in females.
The present study had several limitations. One of the potential limitations was that we were not able to analyze the ALT and AST dynamics during the detoxification period, as limited data points were available in the clinical laboratory database. Another limiting aspect was the lack of a control group comprised of healthy individuals without alcohol dependence. However, the primary goal of the study was to compare 2 groups of alcohol-dependent individuals with the presence or absence of alcohol-mediated liver injury based on elevated serum markers of liver damage. Therefore, we believe that the absence of control group of healthy alcoholindependent individuals was an appropriate approach to achieve our goal. We also did not compare our patients (receiving medical management) with a comparable (nontreatment seeking) cohort to determine whether or not medical management itself contributed to lowering endotoxemia. Because of the exploratory nature of our study, additional research is warranted.
In conclusion, our study and studies from other investigators demonstrating that mild ALD in humans is associated with endotoxemia, provide a rationale for the use of LPStargeted therapies to modify or neutralize the systemic endotoxin pool, as well as for interventions to modulate gut microbiota and intestinal permeability (e.g., probiotics or dietary factors) as a potential clinical approach in the management of early ALD.
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